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摘要 
 
长程能量传递和激子转移，无论是在自然界光合作用体系还是人工设计的光
捕获系统都有着重要应用。在过去的一些有关能量转移的研究当中，主要工作都
集中在供体和受体“Through-space”的 Förster 型单线态以及 Dexter 型三重态能量
转移。而对更为重要的“Through-bond”能量转移却研究较少。 
金属有机框架(MOFs)是一类由金属节点和有机配体组装而成的多孔材料，
其周期性的有序结构和灵活的可修饰特性，为设计能量转移模型带来了诸多便利。
香豆素 343 是一类摩尔消光系数高，荧光量子产率高的有机发光染料，在能量
转移研究中通常被用来作为受体分子。 
本文以 1,3,5-三(4-羧基苯)苯甲酸(H3BTB)为有机配体，金属离子铪(Hf
4+
)和
锆(Zr4+)为节点，利用溶剂热的方法，合成了一种二维金属有机薄层材料(Metal 
Organic Layers，MOLs)。采用掺杂同构配体 2,4,6-三（4-羧基苯基）-1,3,5-吡嗪
(H3TATB)和后修饰染料 Coumarin 343 的策略，制备了一系列 Zr/Hf-BTB&TATB 
MOLs 和 Zr/Hf-BTB&Coumarin 343 MOLs 复合材料, 并研究发现了 Zr4+作为金
属桥时BTB到 TATB以及BTB到Coumarin 343之间的能量转移效率与Hf4+作为
金属桥时相同，说明了在该体系中能量转移主要以“Through-space”形式为主。 
可见光通讯是新一代高性能通讯技术，它主要是通过灯光的闪烁变化来传递
信号。相比于无线电磁波信号，例如 WIFI，蓝牙等等，光通讯信号传输的安全
性更高，干扰项更少，更加绿色环保。目前对于光通讯的研究，主要集中在如何
提高通讯带宽，拓宽其应用范围。解决此类问题的方法之一，是提高涂层的发光
频率。MOFs 材料的有机配体通常发光寿命较短，频率较高，同时可以通过吸附，
修饰染料等策略，制备短寿命的发光材料。 
基于此，本文基于量子产率较高的蓝色荧光有机配体 9，10-二苯基蒽-二羧
酸(H2DBA)，设计合成了一种菱形大孔 MOFs 材料。同时吸附适量的罗丹明 B，
利用染料在MOFs 孔道中的分布以及配体和染料之间的能量转移，最大程度的避
免染料的聚集导致的荧光猝灭(ACQ)，组合两组分荧光，成功得到了一种白光
LED材料。并利用其荧光寿命短的特点，实现了高频白光通讯。 
关键词：金属有机框架； 能量转移；染料发光，白光通讯。 
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Abstract 
Long range energy transfer and exciton migration plays an important role in 
artificial photosynthesis and light-harvesting system. Previous studies on 
through-space energy transfer is focused on Förster type singlet excited state and 
Dexter type triplet excited state, leaving the more important through-bond 
superexchange energy transfer unexplored. 
Metal-Organic Frameworks (MOFs) represent a class of hydrid porous materials 
that are constructed from organic ligands and metal ion nodes. MOF is used to design 
model system for energy transfer study thanks to its ordered network and chemical 
tunability. Coumarin 343 and Rhodanmine B are typical organic dye molecules with 
high molar extinction coefficients and high fluorescence quantum yields. They can 
serve as energy acceptors for energy transfer study. 
In this thesis, Zr/Hf-MOLs was synthesized by reacting H3BTB 
(4,4',4''-benzene-1,3,5-triyl-tri-benzoic acid) with metal ions Zr
4+
 and Hf
4+
. We 
prepared a series of Zr/Hf-BTB&TATB MOLs and Coumarin 343-Zr/Hf-BTB hybrids 
by doping H3TATB in the network and loading Coumarin 343 on the MOLs via 
carboxylate exchange. We have observed identical energy transfer rates in a 
Zirconium based MOL and an isostructural Hafnium based MOL as revealed by 
measuring the quenched fluorescence of TATB-doped MOLs or the ratiometric 
emissions of MOLs modified with coumarin-343 on the surface, consistent with the 
dominance of through-space Förster-type energy transfer. 
Visible-light communication (VLC) is a technology to use everyday lighting for 
wireless communication. As compared to radio-frequency based technologies such as 
Wi-Fi or Bluetooth, it provides supplementary solutions when high speed, high 
security, low radio interference, low cost and bio-friendliness are needed in the 
information transmission. At present, the study of optical communication, mainly 
focused on how to improve the communication bandwidth. One way to solve this 
problem is to increase the intrinsic response frequency of the luminescent coating. 
The organic ligands of MOFs usually have short lifetimes. Moreover, dye molecules 
can be with short luminescent lifetimes can be loaded in the MOF channels to 
construct luminescent materials with multiple emission bands. 
We used 9,10-anthacenyl bis(benzoic acid) (H2DBA) as ligands to construct a 
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MOF, which shows bright blue-light-emitting and high quantum yield. We achieved a 
white-light-emitting LED materials by encapsulating a yellow-emitting Rhodamine B 
in the cavity of blue-emitting MOFs. The restriction of dye molecules in the cavity 
and energy transfer from ligands to dyes can eliminate the aggregation- caused 
quenching (ACQ). Moreover, we realized a fast white-light communication using this 
hybrid materials as the phosphor. 
     
 
Keywords: Metal-Organic Frameworks, energy transfer, organic dye luminescence, 
white-light  communication
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